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Introduction
The Zn(II) has a relevant role in chemical and biological systems. [1] [2] [3] [4] [5] For example, in the active site of zinc-metalloenzymes there is present a Zn(II) ion coordinated principally to histidine, cysteine, aspartic acid, or H 2 O. 4, [6] [7] [8] The interaction of Zn(II) ion with the environment of the Polyligand derived from imidazole and benzimidazole are used as working models to understanding the role of the Zn(II) ions in biological systems because they can mimic the histidine side chain. 4, [7] [8] [9] In our ongoing research on benzimidazole derivatives we are interested in the coordinating acid and behavior of 1H-benzimidazol-2-ylmethanamine (HL) 1.
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Compound 1 has three pKa values (Scheme 1); at pH below 2.9 the three nitrogen atoms are blocked by protons (H 3 L
2+
) and apparently this benzimidazole could not coordinate to Zn(II).
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When the pH values increase 1 could act as a mono-or bidentate ligand. In any of three cases, the coordinated form of the metallic ion will be different. On the other hand, it is known that Zn(II) is selective for coordination of chloride ions because they are small and hydrophilic species. 14, 15 In the presence of Cl -ions the formation of Zn(II) complexes is favored because of the existence of intermolecular hydrogen bonds. 14 In this paper we studied the synthesis of four complexes at different pH, concentration and reaction times in order to analyze the factors that determine the coordination of Zn(II) ions to 1H-benzimidazol-2-ylmethanamine. These compounds were also characterized using NMR, X-ray crystallography, infrared and Raman spectroscopies. Scheme 1. Acid-base behavior of 1H-benzimidazol-2-ylmethanamine 1.

Results and Discussion
In aqueous solution, Zn(II) presents a set of chemical equilibria that basically depend on the ion concentration and pH. The predominance-existence diagrams show that Zn(II) species can only occur in acid solutions. 16, 17 In basic solutions, insoluble Zn(OH) 2 is formed and this limits the reactivity of Zn(II). However, it is possible to reduce the formation of insoluble hydroxycompounds through the addition of liganting agents. 16 The presence of the chloride ion (for 
Reaction of 1 with ZnCl 2 at variable pH
At constant concentration, we scanned, the reaction of 1 with ZnCl 2 every 0.5 units of pH through the use of infrared spectroscopy and X-Ray diffraction ( Figure 1 ). We found that the action of Zn(II) ion changes the pKa values of 1. Thus, in the range of pH from 0 to 2.4 compound 2 is present. The ligand in 2 features the entire coordination center blocked by N-H bonds. In these reaction conditions, the Zn(II) ion assumes the form of tetrachlorozincate(2-). In Raman spectra the Zn-Cl stretching vibrations for 2 and 3 are observed as single signals (286, and 284 cm -1 respectively) and are evidence that in these molecules the Zn-Cl bonds are symmetrically equivalent. 22 For compound 4 the two Zn-Cl stretching vibrations are observed in 310 and 235 cm -1 and confirm the presence of two chlorine atoms bonded to Zn. On the one hand, for compound 5 the Zn-Cl stretching vibration (230 cm -1 ) appears at a lower frequency than in the case of 2-4. This result is in agreement with the penta-coordination of compound 5 and a longer Zn-Cl bond distance. Furthermore, two Zn-N stretching vibrations are observed in compounds 4 and 5 (424 and 490 cm -1 ) that make evident the chelate coordination of ligand HL in these compounds.
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NMR studies in solution The 13 C NMR spectra of compounds 2-5 have a symmetric behavior and only one set of signals were found for all aromatic carbons (Table 1) . Thus, in all cases C5 and C6 have the same resonance. Compared to 1, the presence of N→Zn coordination bond on the imidazole nitrogen in compounds 3-4 causes a shift toward lower frequencies for C5 and C6 (∆δ = 3.7-3.1 ppm). However, in compounds 4 and 5, C4 and C7 have broad signals that are evidence of a dynamic behavior. It is known that the Zn complexes are characterized by a high coordinate flexibility due to presence of bond-breaking phenomena (Zn ← L ← → Zn + L). [24] [25] [26] [27] Therefore, it is probable that in aqueous solution, compounds 3-5 undergo N→Zn bond-breaking phenomena at aromatic nitrogen atoms (Scheme 2). On the other hand, it is known that in diazoles the interconversion between tautomers is very fast due to the employ of a third molecule. [28] [29] [30] [31] [32] [33] [34] Thus, in compounds 3-5, it is possible that the free benzimidazole groups present an intermolecular proton transfer mechanism with the solvent (D 2 O) and this fact perhaps explains the high symmetry of their NMR spectra. When the solvent is evaporated of the NMR tubes with 3 or 5 complexes, the infrared spectra and X-ray diffraction of the solid residues show that these compounds have once more the original crystalline structure where the aromatic nitrogen atoms present the N→Zn coordination. This information corroborates the existence of N→Zn bond-breaking equilibrium of 3 and 5 in aqueous solutions. On the other hand, in 1 H NMR the methylene hydrogens (H1) resonances of compounds 4 and 5 are displaced toward lower frequencies (∆δ = 0.54-0.2 ppm) with respect to compounds 2 and 3. This result confirms the coordination of the amine group with the Zn(II) ion in 4 and 5. 
X-Ray crystallography
The X-ray crystallography corroborates the molecular structure of 2-5 ( Table 2) 
R (8).
Compound 3 is mono-coordinated, the metal atom is bonded to an imidazolic nitrogen atom. In the unit cell there are two Zn complexes that are not symmetrically equivalent (Figure 3) . Furthermore, 3a and 3b have different geometry parameters because they have different intermolecular interactions. Whereas, the imidazole hydrogen H1 of 3a has a strong intermolecular hydrogen bond with a water molecule [N1···O1 = 2.779 (7), Å], the imidazole hydrogen H1' of 3b has a weak hydrogen bond with Cl2 [N1' ···Cl2 = 3.285 (10) 
R (70) involving (-
Cl3'···H2A'-N2'-C1'-C2'-N3'-Zn1'-Cl1'···H2A-N2-C1-C2-N3-Zn1-Cl1···H2C'-N2'-C1'-C2'-N3'-Zn1'-Cl1'···H2A-N2-C1-C2-N3-Zn1-Cl1···H2C'-N2'-C1'- C2'-N3'-Zn1'-) 2 .
R (70).
In compound 4 the benzimidazole ligand is coordinated to Zn in chelate form. The Zn atom has a deformed tetrahedral geometry where the bond length Zn1-Cl1 
R (16).
In conclusion, the synthesis of compounds 2-5 has strong dependence on pH and concentration of the reactants. The coordination modes of Zn(II) with 1H-benzimidazol-2-ylmethanamine depend on the acid-base behavior of the ligand and the existence of the metallic ion in solution. The X-ray crystallography of 2-5 shows the presence of strong hydrogen bonds that produce pseudo-macrocyclic networks. The presence of the chloride ion in the crystalline structures is important since it maximizes the hydrogen bond interactions. The NMR studies suggest that compounds 3-5 have fluxional behavior in aqueous solution, where the N→Zn bonds present breaking phenomena.
General Procedures.
Water was freshly distilled and de-ionized before use. Melting points were measured on a Mel-Temp II apparatus and are uncorrected. The IR spectra and Raman were recorded on a Perkin-Elmer System Spectrum GX spectrophotometer. Mass spectra were recorded on JEOL MStation JMS-700 with FAB method and 3-nitrobenzyl alcohol (NBA) as matrix. Elemental analyses were determined on a Perkin-Elmer Series II CHNS/O analyzer 2400 instrument. NMR spectra were obtained on a JEOL GXS-400 MHz spectrometer in D 2 38 The non-hydrogen atoms were refined anisotropically. All H atoms in compounds 4 and 5 were located in a difference Fourier map and refined isotropically. In compounds 2 (except H1, H3) and 3 (except H1, H16, H17, H1'), the H atoms were placed in geometrically calculated positions using a riding model. Although we examined the yield of compounds 2-5 varying concentration of the reagents or pH, we only show the best experimental procedure that we found for each Zn(II) compound. 
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